Emergency Power Generation System 



Background of the Invention 

[0001] This invention relates generally to heating and air conditioning 

systems and, more particularly, to a method and apparatus for operating such 
systems in an emergency power generating mode. 

[0002] Power outages during the winter season due to severe weather, such 

as snow storms or freezing rain, have forced many residences and businesses to 
install additional emergency power equipment e.g. emergency generators and or 
batteries, in order to at least supply the power for essentials such as emergency 
lighting, heat (power to the furnace fan and controls), and for a refrigerator and 
freezer. These emergency power accommodations need to be permanently 
interconnected into the various components requiring power or interconnected when 
the power failure occurs and disconnected when power has been resumed. In either 
case, a substantial expense needs to be incurred in order to provide the necessary 
equipment which is seldom used. 

[0003] A common arrangement of a comfort system for a residence or small 

business is the combination of an air conditioning and heating system with an 
evaporator coil, such as a so called A-coil, mounted in the top portion of a furnace 
such that the single blower can be used to alternatively circulate the air to be 
conditioned over a furnace heat exchanger or over the evaporator coil and then 
further distributed to the spaces to be heated or cooled. When a system is operating 
in the heating mode, the evaporator coil is disposed within the air flow path but is 
not active. Similarly, when operating in the cooling mode, the furnace heat 
exchanger lies within a path of the air being circulated by the fan, but the furnace 
heat exchanger is not heated. 

Summary of the Invention 

[0004] Briefly, in accordance with one aspect of the invention, during 

periods in which the heating function is desired but the normal power 
accommodation is not available, the air conditioning system is activated with the 
compressor operating in reverse as an expander. In this way, the 



compressor/expander can operate in an organic rankine cycle to drive a generator to 
provide emergency power to the various components requiring power to operate. 
[0005] By yet another aspect of the invention, provision is made to 

selectively change the flow of refrigerant from the low pressure side of the 
compressor/expander for use in a cooling mode, to the high pressure side thereof for 
use in an emergency power mode. Similarly, provision is made to interconnect the 
condenser to either the low or the high pressure side of the compressor/expander to 
facilitate the respective emergency power and cooling modes. 
[0006] By yet another aspect of the invention, provision is made to 

selectively provide either an expansion valve or a pump to facilitate the flow of 
refrigerant from the condenser to the evaporator for the respective operations in the 
cooling or emergency power modes. 

[0007] In the drawings as hereinafter described, a preferred embodiment is 

depicted; however, various other modifications and alternate constructions can be 
made thereto without departing from the true spirt and scope of the invention. 

Brief Description of the Drawings 

[0008] FIG. 1 is a schematic illustration of a combined hot air furnace and 

air conditioning system as operating in the heating mode in accordance with the 
prior art. 

[0009] FIG. 2 is a schematic illustration of a combined hot air furnace and 

air conditioning system as operating in the cooling mode in accordance with the 
prior art. 

[0010] FIG. 3 is a schematic illustration of a combined hot air furnace and 

air conditioning system as operating in an emergency power mode in accordance 
with a preferred embodiment of the invention. 

[0011] FIG. 4 is a schematic illustration of an air conditioning system 

operating in the cooling mode in accordance with the prior art. 
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[0012] FIG. 5 is a schematic illustration of an air conditioning system as 

operating in an emergency power mode in accordance with a preferred embodiment 
of the invention. 

[0013] FIG. 6 is a schematic illustration of an air conditioning system as 

modified for emergency power capabilities in accordance with a preferred 
embodiment of the invention. 

[0014] FIG. 7 is a PH diagram of a recuperated organic rankine cycle in 

accordance with a preferred embodiment of the invention. 

[0015] FIG. 8 is a TS diagram of a recuperated organic rankine cycle in 

accordance with a preferred embodiment of the invention. 

[0016] FIGS. 9a and 9b are tables showing the calculated performance 

characteristics of a system in accordance with a preferred embodiment of the 

invention. 

Description of the Preferred Embodiment 

[0017] Referring now to FIGS. 1 and 2, there is shown a typical comfort 

system of the type found in a residence or small business, comprising a furnace 1 1 
having a heat exchanger 12 in the lower end thereof and an air conditioner 
evaporator coil 1 3 in the upper end thereof. A blower 14 is provided to bring air in 
from the space being conditioned, pass it through the furnace 1 1 and supply the 
heated or cooled air to a supply air duct 16 for distribution within the space to be 
conditioned. 

[0018] As shown in FIG. 1, during heating operation, fuel and air are 

introduced to a burner 17 with the combination being ignited by an ignitor 18 so as 
to introduce hot combustion gases into the heat exchanger 12. The gases are drawn 
up through the heat exchanger 12 by an inducer 19, with the flue gas being then 
discharged to the atmosphere. The blower 14, in turn, circulates air over the heat 
exchanger 12 where it is heated to around 140°F as it passes to the supply air duct 
16. Although the evaporator coil 13 remains within the air flow stream, it has no 
effect on the conditioning of the air passing thereover. 



[0019] During the cooling mode of operation, as shown in FIG. 2, the 

furnace is turned off and the heat exchanger 12, while remaining in the air flow 
stream from the blower 14, does not in any way contribute to the conditioning of the 
air passing through the furnace 1 1 . The evaporator coil 13, which is operatively 
connected within an air conditioning circuit as shown in FIG. 4, has a relatively high 
pressure refrigerant such as R-22 or R-134a, being passed therethrough to provide a 
cooling effect to the air being circulated thereover. Thus, the 75 °F return air from 
the blower 14, when passed over the evaporator coil 13, is cooled to 55°F prior to 
being passed to the supply air duct 16. 

[0020] As shown in FIGS. 3a and 3b an activation control 21 which receive 

temporary emergency power from a battery 20, is provided to selectively activate the 
furnace 22 and/or the air conditioner 23 to provide heating or cooling or, by 
simultaneously activating the furnace 22 and the air conditioner 23, it can provide 
both heating and emergency power to operate the subsystems and other appliances. 
[0021] When only operation of the furnace 22 is desired during low 

temperature ambient conditions, the activation control turns on the furnace 22 so as 
to function in the manner described with respect to FIG. 1 . 

[0022] When only the air conditioning mode of operation is desired during 

higher temperature ambient conditions, the activation control 21 turns on the air 
conditioner 23 so as to function in the manner described in respect to FIG. 2 hereof. 
In that case, the air conditioning circuit as shown in FIG. 4 includes, in addition to 
the evaporator 13 as described hereinabove, the compressor 24 driven by a motor 26, 
with the motor 26 being turned on or off by the activation control 21. The 
compressor receives refrigerant vapor from the evaporator 13 at its low pressure side 
and discharges higher pressure refrigerant from its high pressure side to a condenser 
27. After the condenser causes the refrigerant to condense to a liquid, the liquid is 
passed to an expansion valve or throttle valve 28, and the throttle valve is selectively 
operated in order to control the flow of refrigerant into the evaporator 13. 
[0023] During periods in which the normal power source is incapacitated, 

and when it is desired to operate the furnace 22 to supply at least some heat to the 
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supply air duct 16, the hot air furnace/air conditioning system is operated as shown 
in FIG. 3 a, with the activation control 21 turning on both the furnace 22 and the air 
conditioner 23. However, the air conditioner system 23 rather then operating as 
shown in its cooling mode as set forth in FIG. 4, is operated as an organic rankine 
cycle as shown in FIG. 5. Here, the evaporator 13 and condenser 27 operate in a 
similar manner as described hereinabove with respect to the cooling mode of 
operation. The compressor 24 and its drive motor 26, on the other hand operate 
substantially differently when in the emergency power mode of operation. Rather 
then the refrigerant passing into the low pressure side of the compressor and exiting 
from the high pressure side thereof as shown in FIG. 4, the refrigerant is passed to 
the high pressure side of the compressor (now acting as a turbine) and exits from the 
low pressure side thereof, with the lower pressure refrigerant then passing to the 
condenser 27. With the compressor/turbine acting as an expander, the motor 26 
(which now operates as a generator) is driven by the expander to generate electricity 
for purposes of providing power to the blower 14, the ignitor 18, and the inducer 19, 
as well as to other appliances such as a refrigerator and/or freezer. 
[0024] Suitable types of compressors that are commonly used in air 

conditioning systems and which can be effectively used in reverse as turbines 
include scroll compressors and screw compressors. 

[0025] In order for the system to operate as shown in FIG. 5, it is necessary 

to add another component i.e. the pump 29 in order to pump condensate from the 
condenser 27 to the evaporator 13. The power generated by the generator 26 also 
provides power to the pump 29. 

[0026] It should be recognized that, even though the compressor/turbine and 

the motor/generator operate in opposite directions for the respective cooling mode 
and emergency power mode, the flow of refrigerant is in the same direction for the 
two modes of operation. This is in contrast to a heat pump operation wherein a 
condenser and evaporator change roles with the transition from heating and cooling 
modes. In this regard, it should be recognized that the difference in ambient 
conditions causes the condenser during the cooling season to be at a higher pressure 



than the evaporator but at a lower pressure during winter organic rankine cycle mode 
of operation. That is, during a cooling mode of operation, a typical temperature of 
the air passing over the evaporator 13 is 75°, and the temperature of the air passing 
over the condenser is 100°F, whereas during winter ORC mode of operation, the 
heated air passing over the evaporator 13 is 140°F, and the temperature of the air 
passing over the outdoor condenser is 10°F. 

[0027] As will be seen in FIG. 3a, during operation in the emergency power 

mode, with both the furnace 22 and the air conditioner 23 operating (but in the 
emergency power mode as shown in FIG. 5), the temperature of the air passing over 
the evaporator coil 13 is 140°F, but after using the energy of that heated air to drive 
the organic rankine cycle system as shown in FIG. 5 the temperature of the air is 
lowered to 130°F. However, this is still substantially above the temperature of the 
air in the space to be heated and will be sufficient to heat the space under emergency 
conditions. 

[0028] In order to convert the operation of the air conditioning unit 23 from 

that of the cooling mode as shown in FIG. 4 to the emergency power mode as shown 
in FIG. 5 it is necessary to activate the flow control apparatus 3 1 as shown in FIG. 
3b. The flow control apparatus 31 simultaneously changes the flow into and out of 
the compressor/turbine as described hereinabove in respective FIG. 4 and FIG. 5, as 
well as bypassing the throttle valve 28 in favor of the pump 29. This can be 
accomplished by way of the insertion of the three way valves 32, 33, 34 and 36 as 
shown in FIG. 6. Thus, the three way valve 32 is selectively operated to cause the 
flow of refrigerant from the evaporator 13 to either the low pressure side of the 
compressor/turbine for purposes of cooling mode operation, or to the high pressure 
side thereof for emergency power mode operation. Similarly, the three way valve 33 
is selectively operated to connect the low pressure side of the compressor/turbine 24 
to the condenser 27 for emergency power mode operation or the high pressure side 
thereof to the condenser 27 for cooling mode operation. 

[0029] In a similar manner, the three way valves 34 and 36 are operated to 

selectively direct the refrigerant flow through the expansion valve 28 during cooling 
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mode operation or through the pump 29 during emergency power mode operation. 
Depending on the mode of operation, the compressor/turbine will either be driven by 
the motor/generator or will drive the motor/generator to produce power as described 
hereinabove. 

[0030] Referring now to FIGS. 7 and 8 there is shown the thermodynamic 

calculations of the disclosed emergency power generation system during a typical 
winter day. Figure 7 shows a pressure-enthalpy diagram of the system, indicating 
condenser and evaporator pressures when using an air conditioner with R-22 as 
refrigerant as a function of enthalpy. Figure 8 shows the corresponding temperature- 
entropy diagram indicating condenser and evaporator saturation temperatures as a 
function of entropy. The process shown in Figures 7 and 8 follows a clockwise 
cycle (opposite from the counterclockwise air conditioning cycle). Starting at state 
point 1, the inlet of the expander, high-pressure hot refrigerant vapor expands from 
high pressure to low pressure when giving off its energy to the expander. After 
reaching the expander outlet (state point 2) the low pressure/low temperature 
refrigerant is de-superheated and liquefied in the condenser. State point 3 is the 
condenser exit where the liquified refrigerant has a low temperature and low 
pressure. A pump will not increase the pressure of the refrigerant without any 
measurable increase in temperature. The pump exit is state point 4. The 
thermodynamic cycle is completed after the high pressure liquid is vaporized in the 
evaporator from where the high pressure high temperature vapor will enter state 
point 1 again. 

[0031] Assuming realistic pump and expander efficiencies and traditional 

HVAC heat exchanger heat transfer rates and pressure line losses, there calculations 
show that a3.5 ton residential air conditioning unit when operating in reverse as an 
emergency power generation system can generate a net power of 75 Watts. This 
power is sufficient for the auxiliary equipment of the furnace (fans/pumps/controls) 
as well as residential refrigeration equipment and some emergency lighting, thereby 
proving the technical viability of the disclosed invention. 



[0032] While the present invention has been particularly shown and 

described with reference to preferred and alternate embodiments as illustrated in the 
drawings, it will be understood by one skilled in the art that various changes in detail 
may be effected therein without departing from the spirit and scope of the invention 
as defined by the claims. 



